Villous atrophy (VA) with intraepithelial lymphocytosis is the histological hallmark of coeliac disease (CD), but reported rates of mucosal recovery are variable.
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SUMMARY Background
Villous atrophy (VA) with intraepithelial lymphocytosis is the histological hallmark of coeliac disease (CD), but reported rates of mucosal recovery are variable.
Aim
To determine the impact of age and other demographic variables on the probability of persistent VA on follow-up biopsy.
Methods
We identified patients with VA on duodenal histology at all 28 Swedish pathology departments during the years spanning 1969-2008. We examined age, gender, calendar period, duration of disease and educational attainment to determine predictors of persistent VA.
Results
Of 7648 patients with CD who underwent follow-up biopsy, persistent VA was present in 3317 (43%; 95% CI 42-44%). The effect of age on persistent VA varied according to time period; among those biopsied in the years spanning 2000-2008, the prevalence of persistent VA was 31%, and increasing age was associated with increasing rates of persistent VA (17% among those younger than 2 years compared to 56% among those ≥70 years). In contrast, persistent VA did not vary widely by age in earlier years. On multivariate analysis (restricted to the calendar period 2000-2008, 2-5 years after CD diagnosis), persistent VA was more common among males (OR 1.43; 95% CI 1.07-1.90) and less common among patients with higher educational attainment (OR for college degree vs. <2 years of high school 0.52, 95% CI 0.35-0.78).
Conclusions
The prevalence of persistent villous atrophy has changed over time, with greater rates of healing in recent years. Social differences in persistent villous atrophy suggest that access and/or education regarding the gluten-free diet impact mucosal healing.
INTRODUCTION
Patients with coeliac disease (CD) exhibit villous atrophy (VA) and intraepithelial lymphocytosis on duodenal biopsy. This lesion develops as a consequence of gluten ingestion in genetically susceptible individuals, and adherence to the gluten-free diet results in clinical and histological improvement. 1 However, when follow-up duodenal biopsy is performed to document mucosal recovery, a substantial proportion of patients exhibit persistent VA. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Reported rates of persistent VA are highly variable, and this heterogeneity is likely due to differences in study settings, follow-up time, availability of gluten-free food and patient characteristics. Persistent VA may be associated with significant morbidity, including lymphoproliferative malignancies 12 and possibly, osteoporotic fracture. 9 In addition to risk-stratifying patients, results of a follow-up biopsy can guide clinical management. In a recent study of patients with CD undergoing follow-up biopsy in the United Kingdom, those with persistent VA underwent targeted dietetic intervention, which led to a resolution of VA of 50% of such patients. 13 While two studies have shown that rates of persistent VA in children are lower than in adults, 3, 4 to our knowledge, no study has examined whether the prevalence of persistent VA has changed over time.
In a population-based study of 7648 Swedish patients with CD who underwent follow-up biopsy, the rate of persistent VA was 43%. 14 We aimed to determine the independent contribution of age, gender, calendar year of follow-up biopsy, duration of disease and educational attainment in determining the outcome of persistent VA among those patients.
METHODS
The characteristics of this data set have been described elsewhere. [14] [15] [16] In summary, patients with CD were identified via query of all 28 pathology departments in Sweden; the query was performed between October, 2006 and February, 2008, and consisted of patients diagnosed between July, 1969 and February, 2008. Patients were identified via Swedish SnoMed codes and CD was defined as the presence of VA (Marsh 3). A previous validation study involving chart review found that 95% of patients with VA had a clinical diagnosis of CD, and that diagnoses apart from CD were uncommon. 15 As was performed in a previous study evaluating mortality, 14 we identified the subset of patients with CD who then underwent a follow-up biopsy. We excluded patients whose first follow-up biopsy was performed less than 6 months or beyond 5 years after their initial diagnosis of CD. Using the same Swedish SnoMed query, we then identified patients whose follow-up biopsy showed persistent VA. Patients with intraepithelial lymphocytosis but normal villi, or villous architecture that did not meet criteria for the Marsh 3 lesion were classified as healed. We compared those patients with persistent VA with those with mucosal recovery with regard to patient age group in years. We also compared the rates of persistent VA with those with villous recovery according to the following categories: gender, duration of CD at the time of the follow-up biopsy (6 months to 1 year, between 1 and 2 years, and greater than 2 years) and the calendar period of the follow-up biopsy (≤1989, 1990-1999 and ≥2000). We also had access to data regarding educational attainment, which was obtained from the Swedish Education Register. We classified educational attainment in the following four categories: 9 years or less of primary and secondary school, 2 years of high school (typically preparation for manual or clerical work), 3 years of high school (theoretical programmes) and college/university studies. In the case of children, the higher educational attainment of the subject's parents was substituted. 17 We used multivariate logistic regression to identify independent risk factors for persistent VA, adjusting for all of the covariates listed above, as well as the degree of VA on the initial diagnostic biopsy (partial vs. subtotal/ total VA). So as to be most applicable to present clinical circumstances, the multivariate analysis identifying independent predictors of persistent VA was restricted to those patients whose follow-up biopsy was performed in the most recent time period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , and whose follow-up biopsy was performed between 2 and 5 years after their initial CD diagnosis. Effect modification was investigated via formal testing of interaction terms. P values lower than 0.05 were considered statistically significant. All statistical analyses were performed using SAS version 9.2 (Cary, NC, USA). This project was approved by the Research Ethics Committee of the Karolinska Institute on June 14th, 2006.
RESULTS
Of the 7648 patients with CD who underwent follow-up biopsy, 63% were female and the median age at follow-up biopsy was 27 years (Table 1) . Nearly half (45%) of the patients were under the age of 20 years. Some 45% of the entire cohort had their follow-up biopsy between 1 and 2 years after initial diagnosis; the median duration of CD at the time of follow-up biopsy was 1.3 years. As was previously reported, persistent VA was present in 3317 patients, 43% of those who underwent follow-up biopsy. 14 Univariate predictors of persistent VA are listed in Table 2 . Men had a slightly higher prevalence of persistent VA than women (45% vs. 42%, P = 0.03). Calendar period of follow-up biopsy was associated with persistent VA; among those biopsied prior to the year 1990, 69% exhibited persistent VA as compared to 31% among those biopsied after the year 2000. We observed an interaction between age and calendar period at follow-up biopsy with regard to the prevalence of persistent VA (P for interaction term <0.0001). As shown in Table 3 and Figure 1 , whereas the prevalence of persistent VA varied somewhat between age groups prior to 1990 without a clear trend (ranging from 58% among patients ≥70 years to 79% among patients 3-9 years), in the years spanning 2000-2008, the prevalence of persistent VA varied widely by age, with an increased prevalence of persistent VA in the oldest age group (ranging from 14% among children 3-9 years to 56% for adults ≥70 years).
Educational attainment was associated with persistent VA; the highest prevalence of persistent VA were among those with less than 2 years of high school and the lowest prevalence was seen among those with a college or university degree (Table 2 and Figure 2 ).
The results of the multivariate model of predictors of persistent VA are shown in Table 4 . In this model, restricted to those whose follow-up biopsy was performed during the years 2000-2008, 2-5 years after initial CD diagnosis, increased age was significantly associated with persistent VA (OR for ≥70 compared to 
DISCUSSION
In this population-based analysis of patients with CD undergoing follow-up biopsy, we found that the prevalence of persistent VA varied across age groups, gender, time period and socio-demographic lines. The effect of age on the prevalence of persistent VA depended on the era of diagnosis and follow-up biopsy; younger patients were far more likely to heal than were older patients, but this phenomenon was limited to the most recent time period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . In contrast, among patients who had a follow-up biopsy prior to 1990 or from 1990 to 1999, the prevalence of persistent VA was significantly greater and varied little by age.
Persistent VA on follow-up biopsy is common, although estimates of the prevalence of this phenomenon have varied considerably in the literature. Rates of persistent VA have ranged from 4% 8 to 79%, 2 although most studies reported rates between 24% and 47%. 5-7, 10, 11, 13 This marked variability can be understood in part due to differences in demographics and length of follow-up. For example, in two studies, the prevalence of persistent VA declined with longer follow-up, 8, 18 indicating that persistent VA may represent slow or gradual healing in some patients. A recent study of 391 patients undergoing follow-up biopsy found that persistent VA was present in 47% of patients; a subset of such patients underwent targeted dietetic intervention and half of these patients subsequently exhibited histological recovery. 13 To our knowledge, all previous studies examining rates of persistent VA have included fewer than 500 patients. Our study included 7648 patients with follow-up histology, allowing for stratified analyses by more fine age categories and other characteristics. Our findings are congruent with those of smaller studies that reported higher rates of persistent VA among adults than children. 3, 4 However, the effect of age on the prevalence of persistent VA was not constant over this multi-decade population-based database. We found that the increased prevalence of persistent VA among older patients was limited to those whose follow-up biopsy was performed after 2000 ( Figure 1) , with higher overall rates of persistent VA prior to 2000 for all age groups. The reason for this effect modification is unknown, but there are several plausible explanations. The diagnosis of CD may be occurring more promptly in recent years due to the availability of serological tests, and prompt diagnosis and institution of the gluten-free diet may result in greater healing rates than in those patients with a prolonged course of symptoms prior to diagnosis. In recent years, adults have reported a long mean duration of symptoms prior to CD diagnosis (11 years) 19 and the improved recognition and prompt diagnosis rates may be disproportionately benefiting children. Indeed, in the United States, older individuals are less likely than younger patients to be biopsied and tested for CD when undergoing endoscopy for symptoms suggestive of CD. 20 As the elderly may have had more long-standing and untreated CD, their inflammation and atrophy may be more established and persistent. Another potential explanation is the greatly improved access to gluten-free foods in recent years, which may account for increased healing rates. If this improved availability is responsible for the era-varying healing rates observed in our study, it is less clear why older patients are not benefitting to the same extent as younger individuals.
Patients with a more mild disease phenotype are probably being diagnosed in recent years, due to the widespread availability of serological testing and increased awareness of the protean manifestations of CD. This may account for the lower rates of persistent VA in recent years, with perhaps lower dietary adherence rates among adults. 21 Given the changing role of follow-up biopsy over time, it remains possible that the observed interaction of era and age may reflect factors other than changes in adherence to the gluten-free diet. For example, a provocative gluten challenge after initial histological recovery was widely considered a component of the diagnosis of CD up until the issuance of new guidelines in 1990. 22 As a result of this change in guidelines and a likely shift in practice patterns, the indications of a third biopsy done in patients with CD are likely to be quite varied, i.e. including biopsies performed due to prior lack of recovery, in response to a gluten challenge, or prompted by a clinical worsening. It is for this reason that this study was restricted to the second (i.e. the first follow-up) biopsy and did not include subsequent biopsies. While these practice changes are unlikely to have a significant impact on changing indications for the first follow-up biopsy in various eras, explanations for the changes in rates of mucosal recovery over time remain speculative. We found that the prevalence of persistent VA declines over time after diagnosis of CD, with the highest rates (50%) seen in those whose follow-up biopsy was performed within 1 year of the initial CD diagnosis. However, this prevalence did not continue to decline over time (Table 2) . Therefore, the phenomenon of gradual healing may explain persistent VA early on in the disease course, but is unlikely to be exerting a substantial effect beyond 2 years after diagnosis, where ongoing gluten ingestion may play a role.
Several of our findings can be attributed to adherence to the gluten-free diet. Those with the lowest educational attainment had the highest rates of persistent VA (52%), and this rate declined continuously with increasing education. In prior studies, the degree of self-rated social integration at school was strongly associated with dietary adherence, 23 and higher scores on a gluten-free food quiz were likewise associated with greater adherence (although the degree of educational attainment was not). 24 While the relationship between education and mucosal recovery is likely due to effect of health literacy on adherence to the gluten-free diet, this may also be explained in part by the high cost of this diet, 25 which may impact adherence. We found that men have a greater risk of persistent VA than women (OR1.43; 95% CI 1.07-1.90). While data on gender and dietary adherence in CD are limited, it appears that among adults, men are slightly less likely than women to exhibit good or excellent adherence to the gluten-free diet. 24 This study has a number of strengths. It is the largest study to date measuring predictors of persistent VA, which allowed us to perform stratified analyses in multiple subgroups. The population-based method of identifying these CD patients enhances the generalisability of our findings. The validation of histology codes used in this study mitigates against bias due to misclassification. 15 We also acknowledge several limitations to this study. Most prominently, adherence to the gluten-free diet was not measured in this analysis. In a chart review of 22 CD patients in this database with a follow-up biopsy and information on dietary adherence, persistent VA was more common in those with poor adherence (4/ 4, 100%) than in those with good adherence (7/18, 39%, P = 0.09). 15 Lending further support to the notion that persistent VA correlates with adherence are the results of an analysis of CD serologies according to follow-up histology previously performed on this data set. 14 In a subset of these patients, serological data were available; we previously reported that 545 patients were seropositive at initial diagnosis and had a follow-up serology on record within 6 months of their follow-up biopsy. Of these 545 patients, 224 (41%) had persistently elevated serologies at the time of their follow-up biopsy. The prevalence of persistent villous atrophy was greater among those with persistently elevated serologies (139/224, 62%) than among those whose serologies normalised (67/321, 21%, P < 0.0001). 14 Nevertheless, while prior studies have also found correlation between degree of dietary adherence and persistent VA, 5, 6, 8, 10, 11 we do not know to what extent our findings of different rates of persistent VA among subgroups are driven by differential adherence, as opposed to biological mechanisms. As this analysis was limited to the results of the first follow-up biopsy, we cannot distinguish between those patients who would exhibit long-term VA and those who would eventually heal. However, our finding of similar rates of persistent VA among those biopsied 1-2 years and 2-5 years after CD diagnosis suggests that gradual healing beyond two years is not a common phenomenon. While this study was population-based, its generalisability is limited in part because it consisted of those patients who underwent a follow-up biopsy in our pre-specified time frame of 6 months to 5 years after diagnosis. We have previously reported that those with a follow-up biopsy had a slightly decreased mortality rate compared with those who did not undergo a follow-up biopsy, but that this difference disappeared after excluding deaths within the first 6 months after CD diagnosis.
14 This is the only study to our knowledge that reports rates of mucosal recovery over a multi-decade period. The role of the follow-up biopsy has changed over time, particularly for children. Prior to 1990, a follow-up biopsy to confirm healing was considered the standard of care, as was a third biopsy after a gluten challenge; with the 1990 publication of guidelines issued by the European Society of Pediatric Gastroenterology and Nutrition, 22 a third (gluten-challenge) biopsy was no longer deemed necessary, and a follow-up biopsy to confirm healing was advised only for scenarios when the response to the gluten-free diet was uncertain. Therefore, it remains a possibility that the variable rates of healing over these different eras may be due in part to differing indications for the follow-up biopsy. However, this is unlikely to be driving the observed differences. First, the major variability between children and adults does not appear until the years 2000-2008, a decade after the most significant shift in paediatric guidelines. Second, it is unlikely that a biopsy during a gluten challenge is affecting rates of persistent VA prior to 1990, as the confirmatory gluten challenge was the patient's third biopsy 22 and we restricted this analysis to patients' first follow-up biopsy for this very reason. Nevertheless, the lack of clinical information contextualising each biopsy (including the status of gluten exposure) is a limitation of this study.
In conclusion, we found that 43% of patients with CD exhibited persistent VA on follow-up biopsy. Rates of persistent VA varied markedly by age, but this variability was restricted to patients who underwent follow-up biopsy after the year 2000. Persistent VA was stable beyond two years after diagnosis of CD, arguing against 'gradual healing' as a prominent cause of persistent VA beyond this time frame. Patients with lower educational attainment had the highest prevalence of persistent VA, indicating that adherence and/or cost are (is) likely important causes of this phenomenon. Given the association between persistent VA and morbidity in CD 9, 12 future studies should evaluate strategies to promote mucosal recovery in high-risk patients with CD. 
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